The purpose of this paper is to examine the causality relationship between production and energy of industrial manufacturing in Malaysia. Time series data for production (Q), capital (K), labour (L) and energy (E) for the 1978-2009 period, are applied. However, production theory was used to explore the characteristics of the capital, labour and energy within time series procedures. The results of the ADF and PP tests show that all variables are stationary in the first differences, except for energy, which is stationary at second differences. Meanwhile, all variables are cointegrated at 1% significance level using CRDW test. Results show that there is unidirectional causality in the long run running from energy to the production. Therefore, energy plays an important role in the production of industrial manufacturing in Malaysia. No significant relationship between all variables appears to be in the short run.
Introduction
Currently, the major globalization issue that isoften discussed is about energy. Energy economics is a field that studies human utilization of energy resources and energy commodities and consequences of that utilization (Sweeney, 2000) . Over the last three decades, the demand for energy in Malaysiawitnessed a noticeable growth, as policies were practised towards greater economic growth and social development. However, the debt amount burden coincidedwith the high cost of energy which has large economic and financial implications for the country's capacity to achieve its goals in the short and long terms.
Against this background, the government of Malaysia has begun to place greater focus on energy conservation and renewable energy sources. It has designed a course of action "called the Small Renewable Energy Power Programme (SREP)". The objectives of this programme are 1) to promote and encourage the use of renewable energy for grid connected power generation system; 2) to reduce the dependency on oil and 3) to minimize the negative impact on the environment.
It is important, therefore, to find out whether there is a causal link between energy and economic growth, given that any constraints placed on energy consumption would have an adverse effect on growth and development if causality runs from energy to GDP only. Numerous studies have exploredthe causal relationship between energy and economic growth.Many researchers used time series data to test the existence and direction of causality between energy consumption and GDP in the various countries (Lorde (2010) , Chandran (2010) , Stern (2000) , Jumbe (2010) , Belloumi (2009) and Ghali (2004) .
However, only few papersdiscuss the relationship between production growth and energy in manufacturing industrial, particularly in Malaysia. Most of these papershave general discussion in various countries but not as much of focus in detail for various sectors. Besides, this study aims to find out whether this energy constitutesa factorinfluencing production growth or vice versa, focusing in industrial manufacturingin Malaysia. Therefore, the primary aim of the current paper is to examine the existence of a long run equilibrium relationship between production and independent variables, using a CRDW test. It also aims atmeasuring short run and long run causal relationship in the manufacturing industrial, case study of Malaysia.
At present, the industrial manufacturingis the second largest contributor in Malaysia's GDP, contributingby 25. 87%, 26.92% and 27.14% in year 2009, 2010 and 2011 respectively. Even though, this industrial is very vital for expandingproduction. This is because most products are produced in a manufacturing industrial, such as rubber industry, food industry, petroleum sector, heavy industry and chemical industry. Thus, the study of the causal relationship between production and energy will facilitatetheunderstandingof the role of energy for the industrial manufacturingin Malaysian economic growth. The results of the causality test are useful for policy makers to plan whether to raise or reduce the energy use for industrial manufacturingfor the future.
The remainder of this paper is organized as follows. Section 2 examines the growth rate of industrial manufacturingin Malaysia. Section 3 reviews previous literature related to the current study. Section 4 defines the data, variables and methodology used in this study. Section 5 presents the result and analysis. Also analyzes causal relationship between production and energy. In Section 6, we discuss the policy implications of the results. Finally, section 7 summarises some conclusions, recommendations and further studies.
Overview of Industrial manufacturing in Malaysia
Manufacturing industries in Malaysia have been significantly contributing to the country's economy since 1960. During the colonial period, the country was a major producer of raw materials, namely tin and rubber. Currently, the industrial manufacturingis a dynamic and flourishing component of the national economy.Malaysia has progressed from being an assembler of a wide range of electrical and machinery goods to manufacturing by the year 1980.
Malaysia has established a diverse and fast growing industrial manufacturingthat plays aleading role in the Malaysian economy. Since 1970, the proportion of GDP provided by the industrial manufacturingin Malaysia has grown from 20.2% in 1979 to around 29% in 1999. In year 2010, Malaysian economic growth rate was 7.2%.
The United States continues to be the single largest foreign investor in Malaysia's manufacturing industrial, with approved new manufacturing investments totalling US$1.37 billion (RM5.2 billion) in 1999. The major investment projects were in the chemical, electronics and electrical industries. Even though, the industrial manufacturinghad high linkages with the other sectors that influenced its production (Bekhet, 2010) . This relationship depended on high demand factor for the energy, capital and labour. Figures 2, 3 and 4 indicate that a growth rate of energy use in the industrial manufacturingis 7% compared to other factors, capital (6%) and labour (5%), respectively. Thehighest growth rate of energy compared to the other factors show that, the demand for energy is increasing annually. This situation indicates that usage of energy is eventually growing for the production of industrial manufacturingin Malaysia. Accordingly, energy in Malaysia is consumed mainly by the transportation and industrial sectors including manufacturing, construction and mining, 40.5% and 38.6% respectively (Zaini, no date).
The energy of industrial manufacturingis generated by a combination of fossil fuel and renewable energy, such as coal, oil, gas, hydropower, and biomass and wind power. In 2005, the fuel mix consisted of 62.7% petroleum product, 19% hydroelectric power, 15.1% natural gas, 3.2% coal and coke. Thus, the greatest percentage of the Malaysian fuel mix is related to petroleum products. However, the current debate in Malaysia isfocused on the scarcity of energy resources and the energy efficiency. For this reason, the government tries to increase the renewable energy and determination on how the usage of this energy also reduces the negative impact to the environment. Then, the analysis will become interesting to establish the empirical study on the importance of the energy towards the production, of theindustrial manufacturingin Malaysia.
Literature Review
Most of studies examining the relationship between energy use and economic growth for the various countries using time series data, show two different findings: either unidirectional or bidirectional. Lord et al. (2010) , revealed a bidirectional causal relationship between electrical energy consumption and real GDP in the long run, but only a unidirectional causal relationship from energy to output in the short run. Chandran et al. (2010) show that, in the short run, there is a unidirectional causal flow from electricity consumption to economic growth in Malaysia. This result is similar to that of Lord et al. (2010) . But for the alternative country, samples hardly affect the causality relationship, particularly in a multivariate multi-sector framework (Costantini, 2010) . Jumbe (2010) investigated the causality between electricity consumption and GDP in Malawi. The results detected bi-directional causality between electricity consumption and GDP, suggesting that electricity consumption and GDP are jointly determined. Yang (2000) also found the same result in Taiwan. Hedis covered bi-directional causality between total energy consumption and GDP. It was also revealed that different directions of cause existed between GDP and various kind of energy consumption.
Furthermore, Ya-qun et al. (2008) explained bi-directional causality between gross energy consumption and GDP of China for the period. Yet, Shiu et al. (2004) analyzed the same country and used data for the year 1971-2000 period. The results indicated that there is a Granger causality running from electricity consumption to real GDP in China but not vice versa.
Belloumi (2009) investigated the causal relationship between per capita energy consumption (PCEC) and per capita gross domestic product (PCGDP) in Tunisia. The results showed a long run bi-directional between PCGDP and PCEC and uni-directional causality from energy to GDP.However, in case of Bangladesh, Mozumder et al. (2007) found that per capita electricity consumption did not cause per capita GDP.
Analysis in Canada using VEC specification, the short run dynamics of variables indicated that Granger Causality is running in both directions (bi-directional) between output growth and energy use (Ghali, 2004) . Jamil and Ahmad (2010) examined the relationship among electricity consumption, its price and real GDP at the aggregate and sectoral level in Pakistan. The results showed the presence of uni-directional causality from real economic to electricity consumption. Narayan et al. (2009) used multivariate granger causality between electricity consumption, exports and GDP in the Middle Eastern countries. The results show that there were statistically significant feedback effects between these variables. If 1% increases in electricity consumption will influencethe GDP increases by 0.04%. Whereas exports increase by 1% affect GDP increases by 0.17%. The increases GDP by 1% generate the electricity consumption increases by 0.95%.
On the other hand, the analysis used an ARDL approach implying that real output and employment werea long runrelationship with the disaggregate energy consumption (Sari et al., 2008) . In the case of Asian developing countries, they have different results from various countries to show the causal relationship between energy consumption and income for India, Indonesia, Philippines and Thailand (Asafu-Adjye, 2000).
The other analysis using Granger Causality to refer to the manufacturing sector, only focuses on the factors of production. Soytas (2007) , examined the relationship between energy and production in Turkish manufacturing industry. The results show uni-directional causality running from electricity consumption to value added. However, the current study focuses on the production theory to examine the presence of the long run equilibrium relationshipand causal relationship-short run and long run -between production and energy in the industrial manufacturingin Malaysia.These results will help policymakers get better information for policy formulation.
Data and Methodology

Data and Variables
This study used time series data for the industrial manufacturingfor the 1978-2009 period. It uses production, energy, capital and labour to representthe variables.The production and two inputs of variables (capital and labour) are extracted from Department of Statistics Malaysia (2009) and data for energy is taken from National Energy Balance in Malaysia. The clarifications of these variables are:
Q gross output in value RM '000. E total energy in industry in kilo tones of oil equivalent (ktoe) .
K gross fixed capital formation at constant price (2000 as a base year).
L total number of workers in manufacturing industrial.
Technology (T) is included as a variable, indicating that when time is increased, the new technology will be introduced. The E-Views Microsoft package was used to achieve the objectives of this paper.
Methodology
In the current paper, production theory is used which was presented by Stern (1993) and presently advanced by Ghali and El-Sakka (2004) , Soytas and Sari (2007) and Yuan et al. (2008) . Currently, the framework that we applied as follows:
Where Q is the production, t is technology, K is capital, L is labour and E is energy. The estimated coefficients α, β, γ are represents the elasticities of capital, labour and energy, respectively. For the purpose of this study, we can rewrite the Equation [1] by using a logarithms form, as shows in Equation (2).
The parameters α, β and γ represent the elasticities of capital, labour and energy respectively. We used the unit root test and multivariate co-integration test for the long run equilibrium among the variables. To examine the short run and long run causal relationship between the variables, we used the VECM.
Unit Root Test
As a result of the importance of stationary properties, Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests are applied to find the existence of unit roots and robustness in each of the variables. The purpose of these tests is to make sure that the individual variables used in this study are stationary and to determine whether they are integrated or not. The result could be spurious regression, if the test is non-stationary series. The null and the alternatives hypothesis for the existence of unit root for variable X i (K, L and E) are;
H 0 : δ = 0 (X i isnon-stationary or contains a unit root ) H 1 : δ < 0 (X i is stationary or non unit root )
Then, if the value of ADF or PP tests statistic is less than critical value, the null hypothesis will be rejected. In other words, if the estimated value for δ is significantly less than zero, the series is stationary. Otherwise, the time series have a unit root process. Some studies confirmed that, the economic variables are likely to be stationary in the first difference, I(1), for most economic variables (Tang, 2009).
Co-integration Test
The co-integration procedure is used to identify the long run relationship between the dependent and independent variables.We use the simplest test method using Durbin Watson (DW) test statistics called Cointegrating Regression Durbin Watson (CRDW), (Cromwell et al.,1994) . This test is used to determine if the residuals from equation (2) appear to be stationary or not. The null hypothesis will be accepted if the DW value is zero or the DW value is more than critical value. Alternatively, the null would be rejected if the DW value is large or the DW value is less than the critical value, indicating the existence of cointegration.
H 0 : DW = 0 or DW > DF (cointegration does not exist) H 1 : DW 0 or DW < DF (cointegration does exist)
Vector Error Correction and Granger Causality
The existence of co-integration implies Granger causality, but does not point out to the direction of causality. In order to assess the direction, we employ a vector error correction (VECM). The VECM enables us to estimate the long run and short run Granger causality (Bekhet & Othman, 2011) . It is used for correcting disequilibrium and testing for long run and short run causality among cointegrated variables. Moreover, the short run causality is to bring the lost information due to differencing back into the system through the error correction terms (Soytas and Sari, 2003) . We can estimate a VEC model for the Granger causality test, as follows:
From the above equations (3 to 6), Δ represents the first difference, while lnQ, lnK, lnL and lnE are the natural logarithms of production, capital, labour and energy, respectively. ect symbolize the error correction term. The coefficients θ n , α n , β n and γ n (n= 0,1,2,3), indicate the short run causality if the value is not equal to zero. We also can determine the long run causality, using the null and alternative hypothesis, as mentioned above:-H 0 : 0, there is no long run causality.
H 1 : 0, there is long run causality. (n = 0,1,2,3) Table 1 presents the results of the ADF and PP tests. It shows that at conventional levels of significance, none of the variables represent a stationary process in their levels. When the variables were tested in first differences, the null hypothesis was rejected in the case of the ADF and PP tests except for the energy, stationary at second differences. Then, we conclude that the lnQ, lnK and lnL integrated of I(1) at 1% and 5% level of significant, however in the case of the lnE integrated of I(2) at 1% significant level.
Results Analysis
Stationarity Test
Co-integration Test
To verify if the variables under study are cointegrated, we proceed with the Cointegrating Regression Durbin Watson (CRDW), (Cromwell et al.,1994) technique.We begin with the estimation of the cointegrating regression between the variables (Equation 2). Then, estimate the Durbin Watson(DW) statistics for the cointegrating regression. The result shows that the DW statistics is less than the DF(Dicker-Fuller) or critical value at 1% level of significant. Therefore, this result indicates that there is a long run and dynamic relationship between the production, capital, labour and energy variables. Also, this result supports the production theory in terms of relationship between the production and capital, labour as well as energy variables.
Vector Error Correction and Granger Causality
As the variables are cointegrated, the Granger causality test within the VECM framework should be conducted (Tang, 2011) . Therefore, the VECM would provide us with the evidence of short run and long run causality relationship (Bekhet & Othman, 2011) . The result as shown below in Equations (7 to 10): The results show that all exogenous variables are found to be insignificant in all equations. These results indicate that there are no short run causality between production and energy of industrial manufacturingin Malaysia. Although, in the long run causality, the result implied that there is uni-directional causality running from energy to production (Equation 4). This result indicates that the energy use in industrial manufacturingin Malaysia affects the production only for the long run period. Therefore, these analyses identify that energy use seems to play important role in the Malaysian industrial manufacturingonly in the long run period.
Policy Implications
The analysis shows that there is no short run causality between production and energy of industrial manufacturingin Malaysia. Soytas (2007) also found that the electricity consumption does not appear to be significant in any of the equations and thus, none of the variables appear to be significant in the electricity consumption in the Turkish manufacturing industrial.
Turning to the long run causality, the result implies that there is uni-directional causality running from energy to production. This result indicates that the energy use in industrial manufacturingin Malaysia affects the production only for the long run period. Similarly, Soytas (2007) also found uni-directional causality running from electricity consumption to manufacturing value added in Turkey. Ghaliand El Sakka (2004) found bi-directional causality between energy consumption and Canadian output.
Thus, this analysis specifies that the production of industrial manufacturing in Malaysia depends on the usage of energy.As it is well known, industrial manufacturinghas a large influence in the country's economy. In Malaysia, industrial manufacturingcontribute RM53,482 million out of RM202,986 (26%) to the GDP (Bank Negara, 2011). Therefore, the impacts of energy use indirectly may increase the growth rate in Malaysia.
Even though, energy plays an important role in the production, usage of energy, however, creates some undesirable impacts on the environment and climate. Therefore, Malaysian government has introducedan alternative energy called renewable energy. There are many projects such as the Small Renewable Energy Power Programme (SREP) (Note 1) as well as current biomass utilization projects. These projects are very useful in the future as they provide vital information and plans to increase renewable energy.
The main aim of the SREP is to promote a wider use of the huge amount of RE resources available in Malaysia, particularly its utilization in power generation (Energy Commission). Instead of biomass, there are other of renewable energy such assolar energy, hydropower, wind energy and coal. All these resources are available and extracted from natural resources. Consequently, this alternative energy will be used for the manufacturing industrial, instead of oil and fuel.
Conclusion and Recommendation
The current paper examines the causal relationship between production and energy in the industrial manufacturing for the 1978-2009 period. It used production, capital, labour and energyas input variables. All these variables were transformed into a logarithms form.
To achieve the objective of this study, we employed the CRDW test for cointegration and also the Granger causality test within the VECM. Additionally, we used the ADF and PP tests to examine the stationarity of each variable. Results show that all variables are stationary of I(1) at 1% and 5% significance level, except the energy which is stationary of I(2) at 1% significance level.
The result for co-integration test shows that all variables are cointegrated at 1% significance level. There is no short run causality between production and energy of industrial manufacturingin Malaysia. Although in the long run, there is uni-directional causality running from energy to production. This result indicates that energy is an important factor affecting the production of industrial manufacturingin the long run period. 
